Effect of ultrasonic and Nd: Yag laser activation on irrigants on the push-out bond strength of fiber post to the root canal Objective: This in vitro study aimed to compare the efficacy of irrigants using various irrigation activation methods to the push-out bond strengths of fiber post to root canal luted with self-adhesive resin cement (SARC).
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Introductıon Endodontically treated teeth with excessive loss of coronal structure can be restored by using fiber posts. Some advantages of fiber posts include credible mechanical properties and lower modulus of elasticity, similar to that of dentin, and thus there exists little risk of causing root fracture. Another advantage is that it is post-translucent, which allows the passage of light which is necessary for cementing polymerization, allowing the post to be connected to the dentin wall. When the post is luted to the root canal, two interfaces occur. One of them is between the post and the cement, and the other is between the cement and the root dentin. 2 Most commonly reported mode of clinical failure in fiber post is debonding from root dentin. 3 The main problem that is believed to adversely affect the bonding strength of fiber post is the blockage of cement adhesion by obstruction of the dentinal tubules by the Gutta-percha and sealer remnants, dentine debris and smear layer. 4 In addition to external factors such as irrigants, types of adhesives, and endodontic sealers, dentin-related factors such as dentin status and orientation of dentin tubules also affect these interfaces.
5
Irrigation after post space preparation procedures help remove the smear layer and may increase the strength between the cement bond and the root canal dentin 6 . Frequently suggested irrigation protocols are 5.25% sodium hypochlorite (NaOCl) and 17% ethylenediaminetetraacetic acid (EDTA). NaOCl is used to remove the organic content of the smear layer while EDTA is often used to remove the inorganic content of the smear layer. 7 Unfortunately, irrigants are unable to completely remove the filling material from the canals. 8 Therefore, several activation techniques were developed to more effectively remove pulp tissue and microorganisms, smear layer, and dentin debris from the root canal system, such as passive ultrasonic irrigation (PUI) and laser activated irrigation (LAI).
9
PUI is the ultrasonic activation of an irrigant in the root canal via an ultrasonically oscillating small file placed in the root canal after the root canal has been shaped. 10 Recently, LAI has been introduced as an activation method of irrigation solutions that uses transfer of pulsed energy by means of various laser systems.
11
Self-adhesive resin cement (SARC) systems are utilized to overcome the technical problems of multi- The connection between post-dentin and cement is important for restoration stability and longevity. 13 Hence the effect of different irrigation methods on post-dentin bonding strength should be investigated after post-space preparation. Therefore, in this study, we aimed to evaluate the effect of irrigant activation techniques on the push-out bond strength of fiber
posts. The null hypothesis tested was that irrigant activation techniques do not affect the push-out bond strengths of fiber posts to root dentin.
Methodology
Specimen preparation After the post-space irrigation procedure, root canals were dried using paper point. The post spaces were covered with SARC (RelyX U200; 3M ESPE, St.
Paul, MN, USA) using Automix tips (3M ESPE, St.
Paul, MN, USA) in accordance with the manufacturer's instructions. Fiber posts with a diameter of 1.5 mm (Reforpost; Angelus, Londrina, PR, Brazil) were placed with mild pressure, and the SARC was polymerized with a light-emitting diode unit (Elipar S10, 3M ESPE, Neuss, Germany). All specimens were stored at 37°C
and 100% humidity for 24 hours.
The specimens were buried in acrylic blocks to be cut with a low-speed saw. The samples were horizontally cut to obtain 1-mm sections. 
Push-out test
The push-out bond strength was measured using a universal testing machine (Autograph AGS X; Shimadzu Co, Japan). The push-out test was applied at 0.5 mm/min using a 1-mm diameter metallic plunger 
Statistical analysis
The push-out bond strength (MPa) data were analyzed by one-way analysis of variance (ANOVA).
Finally, the mean SBS values were compared using 
Results
The means and standard deviations of the push-out bond strength values are presented in Intragroup comparisons revealed that bond strength values decreased in the coronal-to-apical direction, there was no significant difference in Control and LAI groups (p>0.05) but apical root regions were significantly lower than the coronal root region in NaOCl+EDTA and PUI groups (p<0.05) ( Table 1 ).
The frequency of each type of bond failure mode is given in Table 2 . The most common failure mode was adhesive (51.4%), followed by mix failure between dentin and resin cement (41.7%) and cohesive failure in the resin cement (6.9%).
Dıscussıon
In many cases, treatment failure caused by cementation failure could be restored with a post after endodontic treatment. 1 The purpose of this in vitro study was to evaluate the effects of various irrigation methods on the push-out bond strengths of fiber posts to root dentin with SARC. Our results revealed that the examined irrigation methods slightly affected fiber post bond strength, but this was not found to be statistically significant. In accordance with the results, the null hypothesis was accepted.
After the post cavity was prepared, the presence of a smear layer consisting of sealer, gutta-percha, and debris was observed on the dentin surfaces examined with a scanning electron microscope. and-rinse systems are used, removing the smear layer becomes essential in order to achieve a hybrid layer. 4 When endodontic treatment is applied for the first time or during retreatment, a combination of NaOCl and EDTA is considered as effective irrigation for smear removal but smear layer cannot be completely removed. 21 Therefore, self-adhesive cement does not require hybrid layer formation and is considered as an advantage for post retention. 12 Therefore, the EDTA combination. 24 The results of our study showed that the NaOCl/EDTA combination did not affect bond strength of the fiber posts to the root canals.
The use of PUI and LAI for disinfection has become increasingly widespread in recent years due to their effect on irrigants. 14 The energy produced by the lasers is vertically and horizontally transferred to the irrigant via the fiber cable. This energy causes the formation of bubbles in the irrigant, which causes cavitation through pressure on the root dentin. 25 Nd: YAG laser can be used to remove the smear layer from the hard tissues due to its low wavelength. Additionally, the heat generated by the laser accelerates the decomposition of NaOCl into chlorine and oxygen ions, thereby increasing the effect of NaOCl. 26 Ultrasonic activation causes an acoustic flow in the irrigation solution due to rapid circular movement. 14 Although the effectiveness of LAI and PUI for irrigation activation in eliminating bacteria is well known, the effect on the bond strength of post to root dentin after use is not known. 27 The findings of this study showed that the combination of NaOCl/EDTA activation with Nd: YAG laser and PUI had no significant effect on bonding strength when compared with the NaOCl/EDTA combination alone.
Some investigations recommend PUI for 20 seconds. [28] [29] [30] However, some studies 19- Additionally, there were no significant differences in the same region of all groups in our study.
Generally, alternative irrigation activation techniques have been proposed to improve the efficacy of irrigants within the root canal system. 35 A limitation of the current study was the assessment of only two activation techniques. Further investigation is required to determine the effects of different irrigation activation techniques to obtain a better bond strength of fiber post to root canal.
According to the results of our study, when fiber post luted to root dentin with SARC, none of the irrigation methods we examined have the advantage over the other. 
Conclusıons
The findings of this study showed that irrigant activation methods did not increase the bond strength of fiber post to dentin luted with SARC, and apical root regions exhibited a significantly lower bond strength than the coronal and middle root regions.
